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I{DIWAfl 1)8 AiR IC)RCNL nýASE

C AL'VO1M A

F~I I) ~Z3 A~ug 54

SUBJECT:: Rovi sion of Fig. 4 in AF'1.'k No.. A.FFVC Sj4. 16
By 1/1,1. Donald li. Woolt'y

TO:: All Conce rnerd

Irivcstiation of ad 'ifional data d).sclulscd tHat. the attached
I'Va'xmurn Lcvor-l Fl~ight Airsipeed curve mbould replace the c'orrespond-
ivig curve on page 6 in Appendix I of AF Y.I.cbnicalIA o~port No, AFFTC
54-16 to more accuratc-i~y vprceont. Lhe tapabilities of thle F-861~' air-
craft with PTI modifications, 'The Mux~mimi C~alibrated Airspeed Chart,
on page three of tfho body of the ahove report should therefore be clianged
to rcad 258 knotm with PTJi and1 Zli knotm wit~hout. PTI at, 45,000 fvet: due to
tbim rcviF.ion,, The correspondiii14 cor rec .nd fte t. data sjhcet. from page 12

niAppe'ndix M is included,

FOR '1'HE COMMANDER:,I

Iru Ia Golonr'eI USAF'
01; HIMINI) I)~rwc-or. Flight ¶Ieat.

;nd Dc veoinpaient:
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ABS TIt AC T

T'[hc increases in c.Oimb ard level. fLight pez-formar.e .f the F-86P" with Pre-
-'JTrbine injection modificatlons saAbstantially improve the value of this air-
(..raft as a fighter-intercephtr;r howevr.e, the problems of turbineblade fail-

ur~e, arid nozzl-e binding nutt be over-ore before the unit cam b44 used opera-S~~t ioriall ¥.
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A. INTRO 1J)UG )I1J N

. rPYroject Objective

Flight tests were conducted on the Y- 86F airp.;ane, USAF No. 51-
13506, with pre-turbine injection modifications to determine the state of develop-
inent and serviceability of the installation and to obtain limited performance data.

2. Project Authority

The Phase II performance and herviceability tests were conducted
under the authority of the Commander, AFFTC as requested by Air Rosearch and
Development Command TWX No. RDTOTP 4-2Z-E.

3o Project History

a. Seventeen flights were made between 21 April and 5 May, 1954
totaling twelve hours of which two hours and twenty-eight minutes were flown with

* PTI in operation. Four additiona)l flights were made between 6 May and 26 May,
1954 by other pilots of the Air Force Flight Tekt Center for additional qualitative
evaluation of the airplane.

b. The airplane was instrumented and maintained by the General
Electric Company facility at the Air Force Flight Test Center and was returned
to them under bailment agreement upon completion of the Air Force flight evalu-
ation program. The flight test program was completed 26 May, 1954.

c. Preliminary reports of these tests were submitted to the
Commander, Wright Air Development Center on 3 May and 17 May, 1954. A
detailed maintenance report was submitted to the same Hdq, 30 June 1954. These
are included as Appendix IV.

4. Description of the Aircraft

a. The airplane flown is a standard F-86F with 60 x 3" wing
leading edges. The only modification to the exterior configuration is the addition
of several air vents on the aft fuselage section to provide better cooling.

b. The engine is a standard J47-GE-Z7 fitted with a Stellite
tailpipe, variable nozzle and necessary controls atid equipment to inject standard
engine fuel through the turbine casing forward of the turbine wheel. The fuel is
injected at four equally spaced points around the periphery of the turbine casing.
The rate of flow of PTI fuel iv controlled by compresuor inlet pressure and
ground adjustment is provided to allow various PTI fuel schedules to be met up.
The nozzle consists of four 90 degree flat plate segments which provide a nearS perfect circular opening throughout the nozzle area range, The nozzle is modulated

by a Solar Microjet unit which senses the ratio between compressor dischargepressure and turbine discharge pressure. This unit operates by receiving an

electrical signal of sufficient magnitude to send a pulse to the actuator motor tojog th~e nozzle to a slightly more open or more cloked position ilntil an electrical

balance is obtained.

I



AF Tcc tiCal Ite porl No. A 'VT'T( '4 ` I (,

C. PTI 18 p laced in operalihn by iynvin g #he throttle outboard
while in the full. it-roltle position. Tl•ii action closes a twitch and PTI will re-
mrain in operation iintil. the "cage" !buttO on the I throttle is depressed or until
the throttle is retarded siiffic'ienil y to cvamn n am unbalance. between PTI and
main engine ,u I. flows.

d. The airplane was tested in the clean configuration only and all
curves in Appendix . are of this configuration.

e. Thie manufacturor limits PTI operation of this in'tailation to an

altitude range of 20,000 to 45.000 feet because of engine structural limitations.

B. TEST RESULTS

1. Climb

a. Check climbs wert- flown using two climb schedules. One sched-
ule noted as schedule "B" in the climb curves in Appendix I was taken from Air
Force Technical Report No. AFFTC 54.10 on Phase IV testing of the standard F-86F.
This schedule is the recommendecl best climb schedule for the F-86F. From this
schedule and estimated 403/6 thrust aiugrnenttation from PTI a Lheoretical best climb
sched-ale was calculatced and designated as schedule "A" in Appendix 1. Since this
PTI installation is limited to an altitude range of ?-0,000 to 431,000 feet, schedule
"A" is an attempt to stay cn the Phase IV schedule up to slightly below 20,000 feet;
and then while lighting PTl, accelerating to the theoretical or proposed schedule for
the remainder of the climb to 45,000 feet. The limited time available for tests and
the somewhat arbitrary nature of the operating limits placed upon the unit at the
present state of development precluded the developing of data reduction methods
for reducing this data to standard day conditions. The data presented are, there-
fore, test data corrected for instrument error. Airspeed and altimeter position
error corrections used are those established for the ,tandard airspeed system of
the F-86F airplane during );hase IV testing. The applicability of these curves was
established by checks against an F-80A pacer aircraft. A summary of climb per-
formance is presented below:

TIME TO CLIMB

Altitude Without PTI With PTI
ft. Sched. B - Min. Sched. A - Min. Sched. B - Min.

20,000 to 45,000 12. 1 4.4 4.6

RATE OF CLIMB

Altitude Without PTI With PTI
ft. Sched. B - ft/min Sched. A - ft/min Sched.B -ft/min

30,000 3,000 7,400 7,000
45,000 1,000 3,300 4,Z 00

b. PTI operation during all climb. was satisfactory with slight com-
bustion instability for a short period on a few of the climbs. This condition was de-
tected by the pilot but apparently did not affect climb performance. Although the
manufacturer limits the present PTI configuration to 45,000 feet a maximum alti-
tude attempt was made to explore and substantiate this Prnit. A maximum altitude

S. . . .. . . .. " . .. . . .:: :: ,i -• -., .., 5 ... . _i.. ... .... .. ..-- --.- <I
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of 53,760 feet. w aii (cs-a t •: d i,(, 1 , o I .i lb'it< 1-;.de f. 'rr i na:ted the flight. At
this altitu(de the aircr.'i,: t ip' -..Ii, 1) (it .i 600 U() 'n i/ l rt.trI ) of c l.• nb,

2,, Lev'el Flight

a Le.vt,. f.)ght spe.id vcrsus poweIY data were Obtdaned at 20,000,
30,000 and 45,000 feet. Contildrrnae difficul.ty was encountered in obtaining this
dat4 due to nozzie binding. A nozz&., with sturface hardened vegments was inutailed
which alleviated this t.ondition considerably but nozzle sticking was still present
to a limited degree on rubscqqucint. fhghtf. "'Thi.n nozzle sticking was apparent only
in level flight at altitude and was tiot apparenit during any of the climbs,

ibt Level flight data are presented only as time histories of level
flight accelerations and mriaximum lcvcl flight ai~rpeed. RPM is not directly rep-

resentative of engine performance with tOI.is iniptallation., PTI fuel is injected up-
stream of the turbine wheel and burns aft of fhe turbine wheel, The burning of
this additional fuel increases the pressure, on. th' back side of the turbine blades
and tends to decreaser engine RPM., Addit:ionat fuel is scheduled to the main en-

gine to prevent this decteaese in RPM ,'ic ot. PTI operation, RPM is therefore
dependent upon this balanct, of (no. Iihedu"A.,1 betwee.,n the main engine and PTI,,
Nozzle position also affects csnrigint lU1M tnl s8ile it c.i.n'not readily be established
that the nozzle was compl(tely f r'e: I roin wo.:,king (Idwring apparently satisfactory
operation, nozzle binding may Ii:1',t .(I '-. r 4v,' i f4- :,td on th., ddta. SirnC RPM, s af-

fected by ther two con(lton s f.atd A -t notf. , re,".ablhc rriteria of engine thrust.
Maximum level fdght ai r'pr' d d, it wxt:. r fbti.lned with and without PF.11 within the
ZO,000 to 45,000 feet range to wloch P'!'! o( Crattinn isf .hmited,. Th se6 instrument
,. corrected data are pre~r ,.d l Fgr,. 4, A-jwnl.x . and art, listed in the summary

S~below:
below:MAXIMUM CAI..jBH A1 ED) A!RKSPEED

Altitude W I, 9.tii p'., With PTI

ft. k un', knots

Z0,000 4C3 439

7 30.000 353 363

45,000 2.5 4 25S

"Lc A cottipariion of' ac( eer'.t.ori runis at 20,000, 30,000 and
*t . 45,000 feet were made with anld vl.'jWImut, 11''r in opei;tAon. At Z0,000 feet the time

to accelerate from a GAS of 1(60 kwn.t.N to 420 knots was re:duccd from 3,47 minuteR
without P'I'l to Lo5 ,nuiutvVs with P'li', it, 30,000 .c.t an mnct.ease in GAS from 156

SJ. knots to 350 knots requ(u d 3,9 nimiutoNk dry an] 1.72 minutes wet and at45,000

r feet from 210 knots to Z54 knot ,,hr ti,,c rfqIi6rd was3.16 minutes compared to 1.0rnm-
ute. Time hittorif.: of thstc at ctc 'lf r;arnis are pxeseunted as instrument corrected
data in Figure 3 in Appundi. 1,. -h" to a t. rations made at each of the three

altitudes were made; as .onsccutve. r'uns of thr- sname flight.

3. Static 'T' rust Calibration

A ,ý round ft:i thI) r lnW. 4 a ih) attion of thri test engtne was rnade on
the Univer'sal Tfhlr ust Stand of t.he At Fort t, '; FL.g!'t T'st Center. Retsults of the
test are presented in F'Jgut c 5, AlI;p tid,x

3
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C. CONCLIUSAfONS

I it ib c-oncJcudcd lfa'. Phr ct •,.' ',ri p tr-fortmarice of the F-86F due
to the PT" installation is of •a.,hL rii.-igniiiudt, as to warrant further ex.loration
of the System, Tbe hrstaisttiof hs ffi'ient. merit to make it advisable for the
Air Force to secure deve.1pmrncrn tcst hiOtory on the system in order that definite
operating limits and ?rainteuwaiu repqam cr'wents may be established.

D. RECOMMENDATIONS

1. The AFFTC recommends that further developmental testing on the
PTI1 installation be accomplished both by the contractor and by the Air Force,, 'P'o
insure representative opexration noref than one, aircraft should be used for this
testing.

41
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APPENI.)[X I

'V.JAIXE OF (,ONT.EN'IS

Figure No, CUR VYES Page Number

I Climb Performance (Schedule A) 1 - 2

2 Climb Performance (Schedule B) 3 - 4

I Level Flight Acceleration 5

4 Maximuin Level Flight Airspeed 6

5 Static Thrust Calibration 7

6 Airspeed Calibration 8

I'

APPENDIX I



FLG rf cLA Y.J

A i .

IA:

Go a
I J



IZ 4' *3it

.. ... so

-. 4 ~ 7 b I I 'I I

I~~ WOV' ~

Ak Al



I

A "0

I ' I

"" IIl . { .; l i ,I

IAL ', ! ' \ . , (

.-.. .p1 i • I . i. i .

~ I Ia

'\I \

J i . C)

/i _
I 0 -' - L-•O-,--t----•o -

• ' . . • . 1"•9 " " . . ...... .. .. .d.. ..O-



.. .. . . . .

I .. .. ...I.4.. .. . .

t /t

4-I '~ 1' 777

1.~. .. . l)e ; &
R fi. L4.1i7

5U 7L0~ 9AW **AY A. I.SP44



A'4 14"a

I)



ISI

X

I IV



f 4.C -1

j7 00

Q .

1 • .. . .

QI-~

QU'

"P ;oo•

; 4000

4100 PAZ

. ,,v l•-o ..,.,.60(,

....... ... .. .. .. ..



tCli



A]'IkNIHIX l]

TABLE OF (';CN'1El,.N'1S
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D,, WEIGHT AND B.ALANCI 3

EB INSTRUMENA'I'ION 3
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S~AFL e h i a Rel it,t No Al-I,'I, (, ':- ,

AF I 'M I VF, N,', t I f J(

'lhe following, de ni d(1.0.i md ienvcra] dmirnirio;,m ,.,xeopt those affected
by PlI mroditicutions, wel-t t.1k'n froomm The .ýrp.[irne |nodele mpe.kctficationi, North
American Report No,, NA-S -1091, dated 13 Feb 51,

1. General Divrtunsi onr,:

Span 37,1lZ ft
Length (overo'll) 37.54 ft
Height (overall.) 14,,74 ft

2. Wing::

Area (in( ludimij illeronv) 30Z Z6 sq ft
Span 37:12 ft
Aspect Ratio 4.56
Taper Rdjtio .510
D Al.he d r' i. 30
Sweepbat k (Z5 pertcent lne of the basic

ai r.1'oi .) 350 41"1
Mean Aetrodyniiiiiic Ghord(.length) 102.0 in
Root Chord (in the stre, amiine) 1 30,16 in
Tip Chord (in the Bstreamlinfe) 66.34 in
Airfoil section designation root - NAGA

001.2 .64(nmodified)
tip ... NAGA-001I -64(niodified)
(".oading edge is symmrnetrically extended 6 iiwhes ai the root

and 3 inches ;.0 the tip)

T' (a) FPldjp*
Arca (tota,) 32.51 sq ft
iChord (nomn - in the streain-

liane) 29.62 in
Defiection 380

(b) Ai.eronti
Area (ea,:h ailvron) 16.36 sq ft

et, e1ctioi u 5

dn 15'

F 3. Fuselage:!
Width (max-timum) 60,0 in
Height (to top of canopy) 78025 in

4. Speed Brakcs:;
Area (tnt;ti surface area) 10.98 bq ft
Del',ction 50,

APPENDIX II
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A F Techcnica I It eport No, A I' ,'' 54-16

5. Vcrtlic- 'T',ti

(a) Pn

A roalywci(ding balance area forward of
fhe hinge iiw--) Z5.32 sq ft

Normal setting 00

l)e 1 ct orion right W

left 00

(b) R udde r,.
Arca(including tab anrd excluding rudder

balan( v forward of the hinge line) 8.12 sq ft

l.e flection right Z7.50
left Z7.50

(c) Tab::
At cd .87 aq ft
Defiection right 150

left 150

6. Horizontal 'la il,:

(a) Stabilizer::
Arca (movable portion only) 19.10 sq ft
Span 12.75 ft
Root Chord 45.50 in

'flhtc.,iorn up 60
down 100

Dihcld ral 100

(b) .1•;lewvtor,:
Area (aft of hinge line) 8,,6z liq ft
Deflection (about the hitigt Iitie and

directly related to the horizontal up 20.9"
stabilizer angle) dn 3.30

B. OPERATIONAL IMI VATIIONS

1. Limit Speeds

Div- (at IZ000 feft) 556 knots
Dive (at 29,000 feet) 421 knots
Flaps (town 185 knots
Gear extended 185 knots

APPIE-NDIX 11
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J AV Te clinlva Re lipt l No.',. 'I('It IA

Z., Liint• M it-,( vi t l,.I1d .V w o(' trf
C . : t i' 1..,)ion I S (due to PT] tmly'as t) to -3,,

3L Po'cr L.,- l! l, (-, T. P. T.
R.PM Without.PTI With PT"

M Li- y !'3-0) rmrI . 79750 (90°c 11 00I C
Nortrial. r.at,-d(, ontinuous) 7640 635"C ----

4, Recornmended Wing Fiap Setting

Taker-Off (full. fxtrns ion) 380
Landing (full xt.c ' iion) 38"

5, Maxinum rin FI..tgblt ('Xj Positions

Forwa rd Z0.4'!/o MAC
Aft Z 5,, C/o MAC

C. POWER PLANT

1,, Engine

Model, Germ-ral. Electric, Mfg. J-47-GE-27 with PTI
modification

Engine number 085674

r D. WEIGHT AND BALANCE

Configuration Cleuan
- Basic Weight wi-th P'T' rnodifi"a.tions 14288 ibs

PTI kit 197 lbs
Ballast (required with the .P1T instalilation) 140 l.ba
Pilot 200 lbs
Oil Z3 ].bs
Fuel (gat,) 435 gal.s
Fuel at 6.5 *b/ga' Z,8O8 lbs

"-" Gross weight at ernginec start 15,339 lbs
C G - o/o MAC 25.0

E. INSTRUMENTATI{ON

a. n- inutrumentataon was installed and maintained by the General
Electric Compat y al the (omnipany~s facility at Edwards Air Force Ba ie, Calif,

t The following instruments were instatled in the airplane prior to the Air Force
evaluation ftightw

:'°1

I
APPE NDI X .1

l 3



I ow do1h11 toll 4 w i! r

A,. i\ . ,it:, v ] .ndt( i'o!

4. Allrw ie c r

7 O ijttldc Alt' 101',11c rat 11 r,

8, Ma nr hit, I lo'.'i

9, PT' ft I tl.nw

A].l the above listed MnIJr 4n1cr hJi I, wcre inst.aled m the Photo Recorder Com- -
paltrtue t were dupIicaled •n the, o (c.kpti wi•lb I h4,: vxceptiou of the Ouitside Alu Tem-
perature indicawto ,. I'fit PLc ' A4 t \,'o,••' valual in Il ights the Iwo u tandard alIti-
meters were rept,( ed by twu ( -19 ' ilit rict'rs ,ind two Fuel liow Totalizers were
added to the instrumcrit•iton., All iritrrutneuts were ca librated by Gencral Electric
except those insta.led for fhr. Air ,Vc,,r(v c e,1 which were calibrated by the Instru-
mentation Branch, Flight slf Eingincer , ing l•a!:oratory, Edwards Air Force Base,
California.

b. Thrust Stand ftu. I tflows, were ni.,sured by :nanually timing an
increment on the furet t.t,', bier. liming was start.ed as the one gallon counter
moved to the next nurm-ber ,tid timing was stopped approximately one minute
later as the countt.-r moved again.,

c., The ttand-ird obip's iirspced yslteit was used for all tests and
was connected to indicatotr s In the pi lo. 'Sanirt and photo panel. The location and
dimensions ot the winig botmri a rr. Pie sarn. a s on a standard F-86F.

d. The free air teme.wrature was obtained from a shielded tem-
perature bulb mounted beneth ltb.O fuselage to 'the right side of the centerline
just aft of the nose gear.. T'Ihi bhlni wAH tconnrc,(.ted to a photo-panel indicator
only. Thre temperature reuove ry fIa tlot used was Is 00.

AIP1PLND'AX !1
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3 A.F' Technical Report No,, AFITC 54 -•I6

A. FLIGHT LOG

The following liuting re.fleccts ,a brief hlistory of 1,C. fligh.t tcsta;i

Flgight T i rlue
.hours - rnim. . •' 8 L

Flight No. - Date . T_.otal .

21 Apr 54 0::06 031 IPl.ot fhAmilia rization, PTI climb
20,000 to 45,000 feet,, Attempted PTI
ligits at 35,000 and 45,000 feet-,

SApr 54 0 04 0:ý. 8 V UI c hinh 10,000 to 45,000 feet, at--I ritedll~ P'I' lig ts 35,000 itnd

45,000 4',000fe.t,,a

3 23 Apr 54 0::45 0,-448 PI- cim(nb 20,000 to 45,000 feet, at-

(.rnpi,-.d PT! lights at 45,000 feet.

4 24 Apr 54 0::06.,3 03.35 PiT ct"hrib 20,000 to 45,000 feet, at-
frcnij.cd dry s)peed power at 35,000

5 ?9 Apr 54 0,.03,5 0:40 Dr y ( imb to 45,000 feet, atteianpted

PTl[ h. lg)t. a t. 20,000, 30,000, 35,000
am] 45,000 f(,'tL.

30 Apr 54 0;:05 0,50 Dry cIi in1) to 45,000 feet. 'Succcusftful13,r'l lights ait ?0,00() and 35,000 feet,

7 30 Apr 54 0;:07,,3 0:55 Dry climb to Z0,000 feet, airspeed
calibratio•n with pacer airplane at
20,000 feet,.

S8 30 Apr 54 0 1 Z,.1 0:55 P1 'l. c.limb 10,000 to 45,000 feet, turns

anld d1 ivr with PTI

9 30 Apr 54 0-08 0::50 I)r y cilimb to 45,000 feet.. kucces•iful
P1' lighte at 40,000 feet,,

10 1 May 54 0::09 0::40 D'y climbto45,000 ft,1 li b45,000to53.420 ft., 'l',rhine bucktt Ca it d at ' ,4A0 ft.,K m,~~ iiticile at 37 0fe .
11 4 May 54 0:06.,7 1:05 1"1'i (limb Z0,000 to 4r,000 feitd, :it-

tempcul 1".1 Ihghij watt. 40,000 fcet,.

12 4 May 54 0:'I1..q 0:40 PI 11 4 1 1 0, 000 to 45,0)00 feet., ,Su -I (:,'.cumbill P'IJ 1jdahtt ,ti 4.0,000 ;tnd 4,5,000 ,

I c: ct.
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Fl ,h '- •m ,i

ivate -H 'rL[oi I nT E S T S

13 4 May 54 0 0.50 Dry climb to 45,000 feet,,
Turns at. 40,000 feet,

14 4 May 54 0:, .Z.,5 0 55 P11 climab 20,000 to 45.000
feet, Turns at 45,000 feet with
a, rd without PT,. Accelerations
with and without PTI at 45, 000
ieCet.

15 5 May 54 0 0,45 '.Fower fly-bys., Instrumentation
malfunction, no photo-recorder
dat. a,

J6 5 May 54 0::01.8 045 Dry climb to 40,000 feet,airspeece
calibration with Pacer aircraft
at 20,000 and 40,000 feet.

17 5 May 54 005 0:!50 Dry climb to 30,000 feet. Ac-
crlerations with and without
PTI at 20,000 and 30,000 feet.

18 6 May ri4 0::13 0;:33 V'ainiliar•zation and quaaitative
evaluation flight. Lost turbine
bucket at; altitude. Dead stick
landings on lake bed.

19 11 May 54 0:;,05 I:'00 FaYmiliarization and qualitative
rvwiluation flight.

20 25 May 54 0::17 0:40 Warmiliar-ization and qualitative
(:ve v lua 1 ion flight,,

21 26 May 54 0•07 0::25 Farrniljarival,,ion and qualitative
C;vajuaLtion flight,, Lost tu:rbine
buc ke-t at; ai.tude',

TOTAL3;; 3:: 10,,2 14::40

APPEN1)I X. HI
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C )MDR AFY'.C, El)WARDI)S AF I. ( /\1 F(M.-A

COMDR WA.I)C, WRIGIRT.-PA I l'lFSON A Fl, O1'.O 3 MAY 54

SUBJEI.CT l Li..HIT LST OF PI" 'N145'ALLATION IN F-86F..

'rHE AIR FORCE PHASE FOIR AND OPERAI PONAIL SUIT'ABILITY TEST OF THE

GENERAL ELECTFRIC BAILMENT AIR.CRAFT F'. 86F S/N 506 EQUIPPED WITH PRE-

TURBINE INJECTION BEGAN 21 APRIL ')4., TO DATE FOUR FLIGHTS UTILIZING

NINETEEN MINUTES PTI 'T'ME HAVE BEEN COND1JCTIED, PT" WAS STARTED ON

ALL FOUR FLIGHTS AT M0,000 FEET ALT-'ITU1)DE DURING THE CLIMB AND SHUT

OFF AT 45,000 FEET AL!TI'UDE EXCEP'T ON 'HIE LAST FLGHT WHEN THE

PILOT LEFT PI ON AND LEVELEI) O)FF AT 4d5;000 FEE'T ALTITUDE WHERE
THE PTI BLEW OUT,, OPERAT'1 ON HAS BEEN SATISFACTORY DURING THE

CLIMBS FROM ZO,000 to 49,,000 FEET ALTITUDE ON THESE FOUR FLIGHTS.
HOWEVER DUE TO BINDING OF THE NOZZLE ACTI'UATOR ASSEMBLY IT HAS

" NOT BEEN POSS[BLE TO MAINIAYN SATISFACTORY PTI OPERATION IN LEVEL

FLIGHT,, IN THOSE CASES WHERE A P'!A. LIGHT WAS ACCOMPLISHED IN LEVEL

FLIGHT THE NOZZLE S'I'UCK IN THE CLOSED POSITION RESULTING IN A

CRITICAL DROP OFF IN MAIN ENGý,NE SPEED DUJE T THE INCREASED PTI

PRESSURES,, REPLACEMENT OF THE NOZZILE, AND ACTUATOR ASSEMBLY DID

NOT ELIMINATE TIHE, BTNI)WN0. INVSFI.GA'I',ON REVEALED) THAT OIL LEAK-
AGE FROM A BEARING IN T1HE ACT!IJA [OR MO ['OR COULD BE CAUSING THE

JACK-SHAFT TO GUM UP AND) BIND, AND AI,SO COULD BE CAUSING THE ACTU-

ATOR MOTOR BRAKE 'O EXPAND AND BIND I)URING MOTOR OPERATION. AT

THIS TIME THE ACTUATOR MOTOR iS BEING MODIFIED IN AN ATTEMPT TO
ELIMINATE THIS PROBLEM. ANOTHER FACTOR THAT MAY HAVE CONTRI-

BUTED'I TO ''HE BINDING IS TIlE EXCESSIVIVE FRICT)ON AT THEI ACTUATING

ARM SLOTS IN THE NOZZLE,, AT PRESENT A NOZZLE WITH SURFACE HARD-

ENED ACTUATING ARM SLOTS AND SURFACE HARDENED SEGMENTS HAS BEEN

INSTALLED. IT IS EXPEC'I'ED"THA'' '[HE PROBLEM OF THE BINDING NOZZLE

WILL BE ELIMINATE) WITHIN THE NEXT WEEK,, HOWEVER, CONSIDERABLE

DELAY HAS ALREADY RESULTED FROM THIS MALFUNCTION. IN ORDER TO
SATISFACTORILY ACCOMPLISH THE PHASE FOUR FLIGHT TEST AND OPERA-

TIONAL SUITABILITY TEST' IT WILL BE NECESSARY TO EXTEND THE PROGRAM

DURATION FROM TWO WEEKS TO SIX WEEKS,. IT IS REQUESTED THAT TIlIS EX-

TENSION BE AUTHORIZED,,

DONALD I-U WOOLEY, I /Lt?, USAF H.. A. HANES, Colonel, USAF

FTDTP Director, Flight Test and[t Development
Project Engineer
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C7OMD1R A)EFC. "I,:WARDS A,'13 CAI.HVORNiAII

COMDI) WAD(, WR11T'-RPATTtERSON AFB O0--l.b 17 May [4

SUBJECT FLIGHT.r . ST OF PTI INSTALLATION IN F-86F..

TEST FLIGHTS OF THE AmR FORCE PHASE FOUR AND OPERATIONAL SUITA-

BILITY TEST OF THE GENERAL ELECTRIC BAILMENT AIRCRAFT F-86F S/N

506 EQUIPPED WITH PRE.-TURBINE INJECTION WEREI COMPLETED 6 MAY 54.

EIGHTlEEN FLIGHTS HAVE BEEN MADE T.1OOTALING T.I.R.EEN HOURS AND

THIRTY MINUTES INCLUDING TWO HOURS PT'. TIME. DURING THE FIRST FOUR

FLIGHTS PTI OPERATION WAS NOT ENTIRELY SATISFACTORY BECAUSE OF

BINDING OF' THE NOZZLE AND/OR. NOZZLE ACTUATOR ASSEMBLY. THIS CON-

DITION WAS ELIMINATED BY SUITABLE MOI.0f)rWC.ATrONS AND THE. FIFTH "

THROUGH THE TENTH FLIGHTS WERE MADE WITH PTI OPERATING SATIS-

FACTORILY,. ON THE ELEVENITH FLIGHT A T'URBiNE BUCKET FAILED" TIME

ON TilE BUCKETS WHEN FAILURE OCCURRED WAS '['WO HOURS AND EIGHT

MINUTES OF PTI TIME,. THE TURBINE WHEEL WAS REPLACED AND PTI OP-

ERATION WAS SATISFACTORY UNTIL FLIG HT EIGHTEEN WH1EN ANOTHER TUE-

DINE BUCKET FAILED., TIME ON THIS SE'.' OF BUGKETS WAS ONE HOUR AND

FORTY-THREE MINUTES,. INFORMAL INFORMATION FROM THE GENERAL

ELECTRIC COMPANY INDICATES THAT THE LONGEST TIME TO BE ACCUMU-

LATED ON A SET OF TURBINE BUCKETS WAS TWO HOURS AND TWELVE MtN-

UTES AT WHICH TIME A IZ00°C START NECESSITATED THE REMOVEL OF THE

TURBINE WHEEL. IT IS RECOGNIZED THAT THE PTI INSTALLATION HAS CON-

SIDERA3LE MERIT BUT DUE TO THE RELATIVELY SHORT DURATION OF THE {
TEST IT IS DIFFICULT TO FULLY EVALUATE THIS SYSTEM,, IT IS ANTICIPATED

THAT ADDITIONAL TESTING WILL ELIMINATE THE DIFFICULTIES ENCOUNTERED.

THE AFFTC RECOMMENDS THAT FURTHER DEVELOPMENTAL TESTING ON

TIlE PTI INSTALLATION BE ACCOMPLISHED BOTH BY GENERAL ELECTRIC AND

BY TIHE AIR FORCE. TO EXPEDITE THE PTI PROGRAM IT IS SUGGESTED THAT

THE IN-SERVICE FUNCTIONAL DEVELOPMENT TEST BE RUN CONCURRENTLY

WITH THE ABOVE TESTS. IT IS ALSO RECOMMENDED THAT THE IN-SERVICE

TEST BE CONDUCTED UNDER STRICT TEST CONDITIONS WITH SUITABLE LIMI-

TATIONS ON PTI OPERATION., THE FOLLOWING APPROXIMATED PERFORMANCE

APPENDIX IV
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DATA WERAE OV.TA.INEI,) `140M 1'INH: INS v[l l INI' CO'IREGTI ID, RAW L)ATA

WIlHi A GUOSS TI'AKE. OFF WI'-;I(..IT O"' • ,400 POUNDS., HATE OF CLIMB

AT 20,000 FEET WAS INCREASED 0,, 500 FEET tPER M:INUTE WITH PTI AS

COMPARED TO DRY OIERAI JON. [lbS 1)TII. ['A RATE OF CLIMB IS INDI-

CATIVE OF THE INCREASE (N CLIMB PERFORMANCE THROUGHOUT THE

ZO,000 TO 45,000 FOOT' Al.,I-.:.!ID, RANGE .10 WI.CLI TIUS PTI ENGINE CON-

FIGURATION IS LIMITED. AN AVERAGE TriME TO CLIMB FROM 20,000 TO

"45,000 FEET WAS FOUR MINUTES WIT['H PTh AT 40,000 FEET TIME TO AC-

F CELERATE FROM MINIMUM TO MAXIMUM AIRSPEED WAS DECREASED FROM

FOUR MINUTES TWENTY-TWO SECONDS TO ONE MINUTE FOFLTY SECONDS

WTTH PTI. AT 30,000 FEET AN , 025 INCREASE IN MAXIMUM LEVEL FLIGHT

MACH NUMBER WAS OBTAINED OVER DRY OPERATION. THE TEST PILOT

REPORTS THAT ALTHOUGH PI. OPERATION DURING THE FIRST FOUR

FLIGHTS WAS UNSATISFACTORY. PJ'i OPERATION DURING THE SUBSEQUENT

FOURTEEN FLIGHTS WAS SJMPLE AND DEPENDABLE,,

DONALD H. WOOLEY, I/u:k, USAF HI A. HANES, Colonel, USAF

J FTDTP Director,, Flight Text and

Project Enginner Development

iii
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.A. PIJR 1J)0SP

de teriruine. the llv.-i h( Ihi 0 vw A~i fPi ~h . t y of P.hr GC4. ra:) (0 Ee ctr ic Coinpan y 's
pre-tur'bhie inject ion iroi! 'I tQiho ri in m' W-1F or1 r 0,t

B3. 1.NThODUC.11ON

1. The prc-turbine injrcfthon imkaf.t,31on (hr~ireafter referred to as
PTI) wa (leveloped by the C minc ra.. Eltcertric Company a s a thr ust augmentation
E.y~ton for the F'-86F adic-riff. The sizyet.rn is decsigned to give approximately
40 ,/o lncreasel throst. .iniI s rc-strictied f-c -iPtif;udr., between 10,000 land 45,000
feet,

Z. Flight fristing of' t'hce JP'L1 *ýyPtwtx4n w.48 'a'horizod by WADC, and on
ZI April 1954 a test: prog-ramn was~ imtiAMl~d on thi~ r;nra~f K,.ectric Company's~
baijment P~-80' S/N "O6., During thei 1-c-sJtug pceriod of 21 ApriLl to 6 May 1954,
eighteen to st flights were. tmade, iccr Cunliialumg 13,1,0 hrour's of flight tOine,
approxirnateky ?.200 hour t4 of' wvhih sv.A PPL Oime.,r

C. TEST R~ESULTS AND DJSCUSS;ON

1. The following is a ar efjue (51 Oi. in iin diffiCiiltlC8 encountered
during the program,.

a.. Dui-nig 1.hcr fts i l~P om- V igfit P1>1. operatrion was unsatisfactory.
On each of these f)!JigJhti- NA/' w- (I -i' it. 20,000 fret and (lid operate satis-
factor ily to 45,000 feet, howcew r,, 01.irrypk to trulight. PTI' after the climb were
unsuccessfuL, On thomet sitTIJt rn A/).'ýcre ai `Kaglo wi t made, a critical drop in
engine speed retiu'ted,, It. WfziH (10rt rmn.ine( ),;V. t~his drop in speed was caused
by failure of the jet nz.eto ojenr to) th- 't position. Investigation re -
vealed several factors~ which m;*y ltiv! prrr-vc-nied the jet nozzle* from opening
properly. After suitabic mnocbfýha tioni~i were;c rimdr the, operation of the PTI
system was satisfactory. A Lihsl. of thfe faictors contribut~ing to the binding of
the nozzle and the mncdifi 'ionfA maidr, -is as follours,

(1) Fr icthon of CtJ, rlo-IZtr iaetualting arisn at the nozzle
actuat-ing arin slot#i. friction wiC rrr-iuerd by :insttall-ing a nozzle body with
surface ha xdcned a.r m elof~s.,

(2) Fr 14 ti mi br twce fTC .j nozi.V segnciets and the nozzle
bodyL, surface hardencd nott c-grrcnt h we rv inm,.itaed.

(3) Sti .;i rg ol Oict io.'zylf- jiC-k iHkaftl in the needie bearings
at high ten-rptr xaturesi,; diaretje r of thc j. ~k ~hsliil was de creatiud,

APPEiN1)X IV
4



A Ji' leclirit'.i I Repot.I No, A FVPi' 'I~ 4-l 16

(4) .lý i , bK , df ,14 tli',. jioto, brake due to ab-

Hot'ptioil oil ] I '( C 1 1 ( lr.,.k( I I.( iC w:d.

r)) 1',1I01Iflt'ng (1 flu 1 t(4'St: IJ.i( k Shaft due to oil, eaki":.,
all, sources of 2 o.,!' agE to (to .ow .i so in!,ly we?,, (; f 1ý jte|,

1),, On flight No. 10 P1.. was started at: 4i,,000 feet in a climb*
The climb continued to S0,000 feet. w-ith Pll. opt. rating sati sfactorily. ATr 5oooo
feet PTI was sbut off and r e.iglitod sfcto:V using a 0speed-.jog" technique.
To light PTI by the 5 ispe(d-.jog I method, :t tabrottle settiing of slightly less than
full forward is established1 , immrrw;diately upon starting PTI the throttle is advanced
to the full forward posi".'on. The chmIrnb was continued to 53,4Z0 feet,, At this al-
titude a loud noise ank subsequent vibration caus•d the pilot to retard the throttle
to idle. The aircraft was landrd with tlhe engine at idle speed,, An inspection re-
vealed that a single turbine buck.t had (ai1k.q,.d,,

c. On flight. No. 11 di.Lficulty wa.s experienced in lighting and
maintaining PTI. This was attrtbuted to a low m:;ain engine fuel flow setting for
PTI operation, The unain engive fuel Ptow was increased and PTI operation was
"satisfactory in subsequent flights..

d. On Hlight No,, 18 at 44,000 fect. after being on PTJI for approxi-
mately 13 minutes a loud noise and an af. firc warning fight caused the pilot to cut
off the engine and make a dead-stick landing,. the amount of continuous PTI time
accumulated during this flight was longer than on any previous flight. Inspection
of the engine revealed another singlte turbine bucket failure,, This was the last
flight made under the Air Force tIst programn,

2., a. A tyglo inspection of the, two turbine wheels which sufferedI [ the bucke;t failures (lid riot reveal a.ny de-fects in the turbine wheel blanks. The
maximum tip diameters were 34,,334 and 34.3ZZ inches, respectively, The first
of these diameters exceedm the rnaxiniurn allowable diameter of 34. 325 for tur-
bine wheels in standard use, however, for the PTI tcest the General Electric Coin-
pany has tentatively increased the maximum print dimension to 34,385. The maxi-

mum blank diameters of the two turbine wheels were 26.736 and 26,744 inches ris-
pectively. The standard maximum blank diameter is 26,738 inches, on this basis
the second turbine wheel was rejected. The buckets ftoro the two turbine wheels
have been sent by the General Electric Company to the Thompson Laboratory of
the General Electric Company for analysisi; the results are not yet available,

b. The PTI operation time accumulated by each set of buckets at
the time of failure was 2 hours and 8 minutes and 1 hour and 43 minutes respectively.
Informal information from the General Electric Company indicates that Z hours
and 12 minutes is the longesO PT7 time to ever be accumulated on one set of tur-
bine wheel buckets,

S3. ThLu l)rocefdurCs for initial adjustment of the PTI system have not
yet beenfinalized, At this timei the PTI fuel flow is first adjusted on the ground
to some predetermined value.. 'he main f.ual flow is then adjusted to be compatible
with the PTX fuel f low, that is, to maintain a suitable, pressure ratio between corn-
pressor discharge pressure and turbine discharge pressure so that PTI will start
and operate satisfactorily. If, is neces-sary to make very short duration PTI ground

APPENDIX IV
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Thiis proceduren is undeh to'dy by ti)c (e. ral LEc, Nrt.ri, Comnpany anrd it is likely that
it will be mnodified.

4. During those fblghts when the PTI system was operating satis-
factorily no difficulties were encuountered in the operation of the system. Satis-
factory PTI operation was demnonstrated during all normally encountered aircraft
maneuvers. The PTI system was started In climbs and dives and at both low and
high airspeeds. Successful PTI lights %Xe usually made on the first try using a
normal starting procedure; while at 100 /0 power momentarily pushing the throttle
outboard to actuate a micro switch which. starts the PTI. Use of the previously
described speed-jog technique will almost always result in a satisfactory start
should the normal starting procedure fail, providing the system is operating satis-
factorily.

5. The General Electric Company has estimated that about 400
manhours would be required to modify an aircraft which is in service, to the PTI
configuration. After installation of the final configuration of the PTI system the
maintenance of the system proper is not experted to be excessive. Engine main-
tenance, however, due to the frequent inspec tions necessary and the short service
life of the turbine wheel and buckets, will require a considerable number of man- r
hour s.

6. At this time the main disadvantages of the system are the
short service life of turbine wheels and the maximum altitude limitation, The ad-
vantages are the increased performance of the aircraft, the simplicity of the system,
and the easy adaptation of the system to great numbers of aircraft already in ser..
vice.

D. CONCLUSIONS

1. At this time the General Electric Company's present PTI system
has not been flight tested sufficiently for normal use by operational organizations.
The system as tested could be utilized in F-86F aircraft with the following limi-
tations:

a. Altitude. 20,000 to 45,000 feat.
b. Maximum continuous operation of PTI 10 minutes.
c, Maximum PTI operation per flight, 10 minutes, (In order that

frequent inspections can be made during the preliminary
testing).

d. Maximum service life of turbine wheel buckets- 2 hours of PTI
time.

e. Time between zyglo inspection of turbine wheels and hot
section inupectiok of eoigiae8ti 1 hour of P'TI tirae.

f. Maximum turbine wheel tip and blank diameters, to be as
specified in applicable Technical Orders.

APPENDIX IV
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should undergo 4 functiona dove lopjrmcn! P,. :i ,riJdth; r' ovatuMtion by an Air Force
Flight Test organization). A IIIc 1. Thh by authorized as soon afj possible in

" order that a. fully devoloprd PT'I.1 syRtotn he: .avail:'j1,:.e in canie of nationa.' eergency.

3,. The PTI systeem possesses considerab~e potential and should be
further developed by the Goneral E..ectric Company,

E. RECOMMENDATIONS

1. The following actions arc rrc ecommended 'in order to complete the
development of the PTT sysu'mt

a. Continuwkion of the General Electric Company's flight test
program at Edwards Air Force Base )n order to improve the present PTI sys-
tem, with emphasis on increasing the max"imurn altitude and increasing the ser-

t • vice life of the turbine buckets.

b. Authorization of a functional development test and evalua-
tion of the present PTI system by the Air Force. This test would be primarily
an evaluation of the capabilities and limitations of the present PTI system and
would provide information to be used in the development of an improved system.
The following prob. ems should be given particular consideration:

(1) Service life of the turbine wheel and hot section parts
under PTI operation.

(2) Effect of continuous long duration PTI operation atvarious atltit~ude s.

(3) Allowable a."titudes for PTI operation.

(4) Effect of PTI operation on the structure of the tail cone,
t•.ilpipe and aircraft fuselage.

(5) Determination of turbine bucket temperatures through
i the ue of an instrumented nozzle diaphragm.

(6) Deterr'-,nation of maximum allowable turbine wheel
tip diameter and turbine wheel bWank diameter for PTI operation.

(7) Investigation of the adaptation of the free floating shroud
ring assembly to the PTI installation to reduce the possibility of shroud seizure.

S2. Because of the potential of the PTI systemr and the advantages of
this system it is recommended that further development and flight testing be au-
thorized as soon as possible.

WILLIAM D. MO4TZNY, lI/Lt. USAFProject Engineer
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"DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE MATERIEL COMMAND

WRIGHT-PATTERSON AIR FORCE BASEL OHIO

FEB 9 2002

MEMORANDUM FOR DTIC/OCQ (ZENA ROGERS)
8725 JOHN J. KINGMAN ROAD, SUITE 0944
FORT BELVOIR VA 22060-6218

FROM: AFMC CSO/SCOC
4225 Logistics Avenue, Room S132
Wright-Patterson AFB OH 45433-5714

SUBJECT: Technical Reports Cleared for Public Release

References: (a) HQ AFMC/PAX Memo, 26 Nov 01, Security and Policy Review,
AFMC 01-242 (Atch 1)

__2_-> (b) HQ AFMC/PAX Memo, 19 Dec 01, Security and Policy Review,
AFMC 01-275 (Atch 2)

(c) HQ AFMC/PAX Memo, 17 Jan 02, Security and Policy Review,
AFMC 02-005 (Atch 3)

1. Technical reports submitted in the attached references listed above are cleared for public
release in accordance with AFI 35-101, 26 Jul 01, Public Affairs Policies and Procedures,
Chapter 15 (Cases AFMC 01-242, AFMC 01-275, & AFMC 02-005).

2. Please direct further questions to Lezora U. Nobles, AFMC CSO/SCOC, DSN 787-8583.

LEfOR U 0 BLES
AFMC STINFO Assistant
Directorate of Communications and Information

Attachments:
1. HQ AFMC/PAX Memo, 26 Nov 01
2. HQ AFMC/PAX Memo, 19 Dec 01
3. HQ AFMC/PAX Memo, 17 Jan 02

cc:
HQ AFMC/HO (Dr. William Elliott)



DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE MATERIEL COMMAND
WRIGHT-PATTERSON AIR FORCE BASE OHIO

DEC 1t 9 2001

MEMORANDUM FOR HQ AFMC/HO

FROM: HQ AFMC/PAX

SUBJECT: Security and Policy Review, AFMC 01-275

1. The reports listed in your attached letter were submitted for security and policy review IAW
AFI 35-101, Chapter 15. They have been cleared for public release.

2. If you have any questions, please call me at 77828. Thanks.

2 /ecurnity and Policy Review
• Office of Public Affairs

Attachment:
Your Ltr 18 November 2001



18 December 2001

MEMORANDUM FOR: HQ AFMC/PAX
Attn: Jim Morrow

FROM: HQ AFMC/HO

SUBJECT: Releasability Reviews

1. Please conduct public releasability reviews for the following attached Defense
Technical Information Center (DTIC) reports:

a. Emergency Fuel Selector Valve Test on the J47-GE-27 Engine as Installed on F-
86F Aircraft, January 1955; DTIC No. AD- 056 013.

b. Phase II Performance and Serviceability Tests of the F-86F Airplane USAF No.
51-13506 with Pre-Turbine Modifications, June 1954; DTIC No. AD- 037 710.

c. J-47 Jet Engine Compressor Failures, 7 April 1952; DTIC No. AD- 039 818.

d. Evaluation of Aircraft Armament Installation (F-86F with 206 RK Guns) Project
Gun-Val, February 1955; DTIC No. AD- 056 763.

e. A Study of Serviced-Imposed Maneuvers of Four Jet Fighter Airplanes in Relation
to Their Handling Qualities and Calculated Dynamic Characteristics, 15 August
1955; DTIC No. AD- 068 899.

f. Fuel Booster Pump, 6 February 1953; DTIC No. AD- 007 226.

g. Flight Investigation of Stability Fix for F-86F Aircraft, 8 September 1953; DTIC
No. AD- 032 259.

h. Investigation of Engine Operational Deficiencies in the F-86F Airplane, June
1953; DTIC No. AD- 015 749.

i. Operational Suitability Test of the T-160 20mm Gun Installation in F-86F-2
Aircraft, 29 April 1954; DTIC No. AD- 031 528.

j. Engineering Evaluation of Type T 160 Gun and Installation in F 86 Aircraft,
September 1953; DTIC No. AD- 019 809.



k. Airplane and Engine Responses to Abrupt Throttle Steps as Determined from
Flight Tests of Eight Jet-Propelled Airplanes, September 1959; DTIC No. AD-
225 780.

1. Improved F-86F. Combat Developed, 28 January 1953; DTIC No. AD- 003 153.

m. Flight Test Progress Report No. 19 for Week Ending February 27, 1953 for
Model F-86F Airplane NAA Model No. NA-191, 5 March 1953; DTIC No. AD-
006 806.

2. These attachments have been requested by Dr. Kenneth P. Werrell, a private
researcher.

3. The AFMC/HO point of contact for these reviews is Dr. William Elliott, who may be
reached at extension 77476.

• WEBER

Command Historian

13 Attachments:
a. DTIC No. AD- 056 013
b. DTIC No. AD- 037 710
c. DTIC No. AD- 039 818
d. DTIC No. AD- 056 763
e. DTIC No. AD- 068 899
f. DTIC No. AD- 007 226
g. DTIC No. AD- 032 259
h. DTIC No. AD- 015 749
i. DTIC No. AD- 031 528
j. DTIC No. AD- 019 809
k. DTIC No. AD- 225 780
1. DTIC No. AD- 003 153
m. DTIC No. AD- 006 806


